Development and Characterization of Nanostructured Polymer Composite Materials by Khan, Mohd Shoeb
r" 
DEVELOPMENT AND CHARACTERIZATION 
OF NANOSTRUCTURED POLYMER 
COMPOSITE MATERIALS 
SUBM 
REQUIR 
UNDER THE SUPERVISION OF 
DR. FARHA FIRDAUS 
(ASSISTANT PROFESSOR) 
DEPARTMENT OF CHEMISTRY 
ALIGARH MUSLIM UNIVERSIT 
ALIGARH ( INDIA) 
2014 
^ 
.Xs^^^ 
(S^ o^ 
<^ . ^ 
b^' ^ ' • 
&^ 
(^ 
2 4 NOV 2014 
DS4383 
dedicated to MyMotfier 
^ fattier 
T.verCasting (Blessing 
CANDIDATE'S DECLARATION 
I, Mohd Shoeb Khan, Department of chemistry certify tihat the woik embodied in 
this M.Phil. Dissertation is my own bonafide work carried out by me under the 
supervision of Dr. Farha Firdaus at Aligarh Muslim University, Aligaih. The matter 
embodied in this M.PhiL Dissertation has not been submitted for the award of any 
other degree. 
I declare that I have &ithfully acknowledge, given credit to and referred to the 
research workers wherever their woii^ have been cited in the text and the body of the 
Dissertation. I ftirther certify that I have not wilfully lifted up some other's work, 
para, text, data, result, etc. reported in the journals, books, magazines, reports, 
dissertations, theses, etc., or available at web-sites and included them in this M.PhiL 
Dissertation and cited as my own work. 
Date: ZAkXl-^J^- (Signature of the candidate) 
(Name of the candidate) 
Certificate from the Supervisor 
This is to certify that the above statement made by the candidate is correct to the 
best of my knowledge. 
Signature of the Siq)ervison t\ , • 
Name & Designation: Dr. Farha Firdaus (Assistance Professor) 
Department: Chemistry Section, Women's College, A.M.U, Aligaih 
(Signature of theThairman.of the^partment with seal) 
^ OuarBun 
Dcpwttnent of Chemistry 
A.M.U.,AUgarh2^/7-/)^ 
COURSE/COMPREHENSIVE EXAMINATION COMPLETION 
CERTIFICATE 
This is to certify that Mr. Mohd Shoeb Khan Department of Chemistry has 
satis&ctorily completed the course work/ comprehensive examination requirement 
which is part of his M.PhiL programme. 
Date: \d.:.U'.:2^Ci I ^f (SignatGre oftfieChairmanofthe Department) 
' Chairman 
Department of Ctaefl^stty 
A.!V(l.U.,AUgafb 
All praises and thanks are to Almighty "Allah " who only enabled me to 
complete this cherished dream. 
I owe my most sincere gratitude to my supervisor Dr. Farha Firdaus Who ga\'e 
me the opportunity to work under his esteemed guidance. His wide knowledge and 
logical way of thinking have been of great value for me and will continue to he so in 
future too. The exchange of ideas and views with him about the subject under taken 
made it a remarkable and unforgettable achievement. His unwavering faith and 
extreme patience has always helped me. 
I express my sincere & special thanks to Prof. Mohammad Shakir, 
Department of Chemistry, Aligarh Muslim University, Aligarh for the continuous 
help. 
I am also thanks to Prof. Rafiuddin, Department of Chemistry, A.M.U. Aligarh 
for continuous support to complete my research work. 
I acknowledge the great support and facilities which chairperson, Department 
of Chemistry, provided during the course of my research work. 
Financial assistance provided by UGC during this work is highly acknowledged. 
I am thankful to my lab colleagues for their kind cooperation at every moment. 
I am fumbling for words to express my feeling to my brother Mr. Mohd Salman 
Khan who has been "Northern Star" in moments of darkness and pillar of strength in 
trouble times during every phase of my research studies. 
I am obliged to Dr. Asimulislam, Dr. Ufana Riaz, Dr. Mehboob, Dr. Hilal 
Siddiqui, Dr. Omaish, Dr. Umair. Dr. Arshad, Mr. Mohd Mohsin Raza Khan, Mr. 
Izhar Uddin, Mr. Aqib Raza Khan, Mr. Shahnwaz for his painstaking efforts to help 
me at the cost of her personal inconvenience will always remain unforgettable. 
From the bottom of my heart I would like to thank to my Mamu Mr. Mohd Akram 
Khan for their emotional support to this endeavour & my special thanks to my Nani 
and my mother Sidran Begum and Zaihun Nisha have made extraordinary efforts and 
sacrifices in nourishing my career and me as well. 
Most Importantly, I cannot finish without acknowledging the valuable 
contribution of my friends for being so loving, caring, co-operative and the ultimate 
source of strength for me. 
At last I am fumbling for words to express my feeling for my family. My 
present status in the life, this M.Phil, included, is the result of extraordinary will, 
efforts and sacrifices of my father Mohd A slam Khan. I am unable to find words to 
express my gratitude and indebtness to him. 
Mohd Shoeb Khan 
CONTENTS 
PUBLICATION 
1. INTRODUCTION 1-13 
2. INSTRUMENTAL METHODS 14-26 
3. PRESENT WORK 27-54 
3(a). ABSTRACT OF THE PRESENT WORK 27 
3(b). INTRODUCTION 27 
3(c). EXPERIMENTAL 28 
3(d). RESULTS AND DISCUSSION 32 
3(e). CONCLUSION 38 
FIGURE 39-53 
TABLE 54 
4. REFERENCES 55-65 
PUBLICATION 
In-vitro DNA binding, molecular docking and antimicrobial studies on newly 
synthesized poly(o-toluidine)-titanium dioxide nanocomposite. 
Mohammad Shakir, Mohd Shoeb Khan, Saud Ibrahim Al-Resayes,Umair Baig, 
Parvez Alamd, Rizwan Hasan Khan, Mahboob Alam 
RSC Advances, RA-ART-05-2014-005173 
(Communicated) 
iJffJUioAuAiiixuifV 
INTRODUCTION 
The beginning of research on nanotechnology and nanoscience can be traced back 
over 40 years, first described in a lecture entitled, 'There's Plenty of Room at the 
Bottom' in 1959 by Richard P. Feynman [1]. However, it is during the past decade 
that nanotechnology went through a variety of disciplines. From chemistry to biology, 
from materials science to electrical engineering, scientists are creating the tools and 
developing the expertise to bring nanotechnology out of the research labs and into the 
market place. Nanostructured composite materials, when using organic polymer and 
inorganic fillers, represent a merger between traditional organic and inorganic 
materials, resulting in compositions that are truly hybrid. Nature has created many 
(composite) materials, such as diatoms, radiolarian [2] and bone [3], from which 
scientists can learn. Organic-inorganic composites with nanoscale dimensions are of 
growing interest because of their unique properties, and numerous potential 
applications such as enhancement of conductivity [4,5], toughness [6], optical activity 
[7,8], catalytic activity [9], chemical selectivity [10,11] etc. In these materials, 
inorganic and organic components are mixed or hybridized at nanometer scale with 
virtually any composition leading to the formation of hybrid/nanocomposite materials 
[12-22]. 
Ceramics are generally known for their hardness and brittleness, along with their 
resistance to high temperatures and severe physical/chemical environments [23, 24]. 
In addition, many inorganic materials such as silica glass have excellent optical 
properties such as transparency [25]. For most applications, the brittleness (lack of 
impact strength) is the major, sometimes fatal, deficiency of ceramics [23]. On the 
other hand, organic polymers are usually noted for their low density and high 
toughness, (i.e., high impact strength). They can be tailor-made to exhibit excellent 
elasticity (e.g., synthetic rubber) or optical transparency. 
However, lack of hardness is one of the most significant flaws of polymers in many 
applications. Associated with the lack of hardness are the problems of low wear and 
scratch resistance as well as dimensional stability [26]. The developments of 
conventional composite materials with ceramics as fillers and polymers as matrices 
are being researched extensively. Important examples of these composite materials 
are the semi-crystalline polymers mixed with inorganic particles [27]. They consist of 
an amorphous-crystalline matrix and dispersed nanoparticles. 
properties of the composite. For example, adding carbon nanotubes improves 
the electrical and thermal conductivity. Other kinds of nanoparticulates may result in 
enhanced optical properties, dielectric properties, heat resistance or mechanical 
properties such as stiffness, strength and resistance to wear and damage. In general, 
the nano reinforcement is dispersed into the matrix during processing. The percentage 
by weight (called mass fraction) of the nanoparticulates introduced can remain very 
low (on the order of 0.5% to 5%) due to the low filler percolation threshold, 
especially for the most commonly used non-spherical, high aspect ratio fillers (e.g. 
nanometer-thin platelets, such as clays, or nanometer-diameter cylinders, such as 
carbon nanotubes). 
Nanocomposites are composites in which at least one of the phases shows 
dimensions in the nanometre range. Nanocomposite materials have emerged as 
suitable alternatives to overcome limitations of microcomposites and monolithics, 
while posing preparation challenges related to the control of elemental composition 
and stoichiometry in the nanocluster phase. They are reported to be the materials of 
21^' century in the view of possessing design uniqueness and property combinations 
that are not found in conventional composites. The general understanding of these 
properties is yet to be reached, even though the first inference on them was reported 
as early as 1992 [31]. 
The number of published papers containing words such as nanoscience, 
nanotechnology, nanomaterials, etc., doubled in 1.6 years [32] in the late 1990s. Also, 
a literature survey made by the authors reveals that about 13.420 papers (of which 
4028 contain the keywords nanocomposite and polymer in Web of Science-lSl: 
updated on 10 February 2009) have been published on nanocomposites in the last two 
decade (1988-2008). Similarly, patents with complete document on nanocomposites 
account for about 4663 during the same period as per Scirus (www.scirus.com). 
Additionally, specific conferences and special issues of some journals have been 
devoted exclusively to the emerging science and technology of nanomaterials. It has 
been reported that changes in particle properties can be observed when the particle 
size is less than a particular level, called 'the critical size'. Additionally, as 
dimensions reach the nanometre level, interactions at phase interfaces become largely 
improved, and this is important to enhance materials properties. In this context, the 
surface area/volume ratio of reinforcement materials employed in the preparation of 
nanocomposites is crucial to the understanding of their structure-property 
properties, including crystallization behaviour and melt rheology, of both the matrix 
and the layered (montmorillonite) nanocomposites have been discussed [92-95]. 
Similarly, an emphasis on toughness and interfacial bonding between CNTs and 
polymer matrices is critically discussed [%] to underline the stress transfer fix>m the 
matrix and the potential of these composites for possible macro scale CNT-polymer 
production. Here, problems encountered so far are considered, and hints given 
regarding a critical volume fraction of CNTs to get appropriate strengthening (as 
observed in microcomposites); possible &ilure mechanisms in such composites are 
also presented. Finally, to the best of our knowledge, and in view of the very limited 
work on metal-based nanocomposites including the or^s with CNT reinforcements, 
no review is available to-date on this system. 
Considering these facts and also the absence of a more general review comprising the 
three different kinds of nanocomposites (metal-, ceramic- and polymer-based), this 
paper gives an overview of them, including those with incorporation of CNTs. 
However, while doing so only a few relevant publications [97-105] are considered 
here. The main features, current status and recent developments in the area are 
provided, focusing on the preparation methods, structure, properties and applications 
of these systems to avoid repetition. Also, the potential uses of nanocomposites and 
the opportunities they provide, along with perspectives for the fiiture and maricet and 
safety aspects are also presented. Nanocomposite coating is not coveted, in order to 
keep the focus of the review. 
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Scheme. 1: Schematic diagram of formation of Polymer nanocomposite. 
Processing of Nanocomposites 
as ex-situ techniques (filtration, template and plasma-enhanced chemical vapour 
deposition, force field-inducements, etc.) [129]. 
PROCESSING METHODS 
Ceramic-matrix nanocomposites 
In this group of composites the main part of the volume is occupied by a ceramic, i.e. 
a chemical compound from the group of oxides, nitrides, borides, silicides etc. In 
most cases, ceramic-matrix nanocomposites encompass a metal as the second 
component. Ideally both components, the metallic one and the ceramic one, are finely 
dispersed in each other in order to elicit the particular nanoscopic properties. 
Nanocomposite from these combinations were demonstrated in improving their 
optical, electrical and magnetic properties [130] as well as tribological, corrosion-
resistance and other protective properties [131]. 
The binary phase diagram of the mixture should be considered in designing ceramic-
metal nanocomposites and measures have to be taken to avoid a chemical reaction 
between both components. The last point mainly is of importance for the metallic 
component that may easily react with the ceramic and thereby lose its metallic 
character. This is not an easily obeyed constraint, because the preparation of the 
ceramic component generally requires high process temperatures. The safest measure 
thus is to carefully choose immiscible metal and ceramic phases. A good example for 
such a combination is represented by the ceramic-metal composite ofTi02andCu, 
the mixtures of which were found immiscible over large areas in the Gibbs' triangle 
ofCu-0-Ti[132]. 
The concept of ceramic-matrix nanocomposites was also applied to thin films that are 
solid layers of a few nm to some tens of i^m thickness deposited upon an underlying 
substrate and that play an important role in the functionalization of technical 
surfaces. Gas flow sputtering by the hollow cathode technique turned out as a rather 
effective technique for the preparation of nanocomposite layers. The process operates 
as a vacuum-based deposition technique and is associated with high deposition rates 
up to some [itn/s and the growth of nanoparticles in the gas phase. Nanocomposite 
layers in the ceramics range of composition were prepared from TiOa and Cu by the 
hollow cathode technique [133] that showed a high mechanical hardness, 
small coefficients of friction and a high resistance to corrosion. 
properties of the nanoscale filler [141] (these materials are better described by the 
XtxmnanofiUedpolymer composites) [142]. This strategy is particularly effective in 
yielding high performance composites, when good dispersion of the filler is achieved 
and the properties of the nanoscale filler are substantially different or better than those 
of the matrix. An example of this would be reinforcing a polymer matrix by much 
stiffer nanoparticles [143-145] of ceramics, clays, or carbon nanotubes. It should be 
noted that the improvement in mechanical properties may not be limited to stiffness or 
strength. Time-dependent properties could be improved by addition of the nanofillers 
[146]. Alternatively, the enhanced crystallization behavior under flow 
conditions ''^ ^ and other physical properties of high performance nanocomposites may 
be mainly due to the high aspect ratio and/or the high surface area of the fillers, [147-
148] since nanoparticulates have extremely high surface area to volume ratios when 
good dispersion is achieved. Nanoparticle dispersibility in the polymer matrix is a key 
issue, which limits the appliciable particle volume fraction and there for also the 
multi-functionality of the composite material [149]. Recent research on thin films 
(thickness <50 micrometer) made of polymer nanocomposites has resulted in a new 
and scalable synthesis technique, which allows the facile incorporation of greater 
nano-material quantities .'^'' Such advances will enable the future development of 
multi-functional small scale devices (i.e. sensor, actuator, medical equipment), which 
rely on polymer nanocomposites. 
Nanoscale dispersion of filler or controlled nanostructures in the composite can 
introduce new physical properties and novel behaviors that are absent in the unfilled 
matrices. This effectively changes the nature of the original matrix [150] (such 
composite materials can be better described by the term genuine 
nanocomposites ov hybrids ) [151]. Some examples of such new properties are fire 
resistance or flame retardancy, [152] and accelerated biodegradability. 
In a recent study, polymeric nanocomposites were fabricated using various one-
dimensional carbon nanostructures such as single- and multi- walled carbon 
nanotubes, as well as two-dimensional carbon and inorganic nanomaterials such as 
graphene platelets, [153] graphene nanoribbon, [154] single- and multi- walled 
graphene oxide nanoribbons, graphene oxide nanoplatelets and molybdenum disulfide 
nanoplatelets as reinforcing agents, to improve the mechanical properties of 
poly(propylene fumarate) nanocomposites, for bone tissue engineering applications 
[155]. Significant mechanical reinforcement (i.e. increases in the Young's modulus, 
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Fig. 1. ClassiHcation of composites 
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Fig. 4. Chemical structure of PMMA. 
Application of Composites 
From the foregoing, it becomes evident that nanocomposites may provide many 
benefits such as enhanced properties, reduction of soHd wastes [lower gauge thickness 
films and lower reinforcement usage] and improved manufacturing capability, 
particularly for packaging applications. Fig. 5. Present potential applications of 
ceramic-, metal- and polymer-based nanocomposites, respectively. As it can be 
observed, the promising applications of nanocomposite systems are numerous, 
comprising both the generation of new materials and the performance enhancement of 
known devices such as fuel cells, sensors and coatings. Although the use of 
nanocomposites in industry is not yet large, their massive switching from research to 
industry has already started and is expected to be extensive in the next few years. 
Resistors 
A 
Capacitors Inductors 
Lasers -^ i ( Nanocomposites ) • Conductors 
Magnetically active Rechargeable 
• batteries 
Light-emitting 
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Fig. 5. Application of Composites 
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INSTRUMENTAL METHODS 
There are several Chemical methods available for the study of nanocomposites and a 
brief discussion of the techniques used in the investigation of the newly synthesized 
Polymer nanocomposite described in the present work are given below: 
1. INFRARED SPECTROSCOPY 
2. TRANSMISSION ELECTRON MICROSCOPY 
3. SCANNING ELECTRON MICROSCOPY 
4. X-RAY POWDER DIFFRACTION (XRD) ANALYSIS 
5. THERMOGRAVIMETRIC ANALYSIS 
6. DIFFERENTIAL THERMAL ANALYSIS 
7. ULTRAVIOLET AND VISIBLE (LIGAND FIELD) SPECTROSCOPY 
8. FLUORESCENCE SPECTROSCOPY 
9. CIRCULAR DICHROISM MEASUREMENTS 
10. FIELD POINTS OF POT-TIO2 NANOCOMPOSITE 
11. MOLECULAR DOCKING 
12. ANTIBACTERIAL ACTIVITY 
1. INFRARED SPECTROSCOPY 
When Infrared light is passed through a sample, some of the frequencies are absorbed 
while other frequencies are transmitted through the sample without being absorbed. 
The plot of the percent absorbance or percent transmittance against frequency, the 
result is an infrared spectrum. 
The term "infrared" covers the range of the electromagnetic spectrum between 0.78 
and lOOOfim. In the infrared spectroscopy, wavelength is measured in 
"wavenumbers", which has unit as cm"'. 
Wave number = 1 / wavelength in centimeters 
It is useful to divide the infrared region in to three regions; near, mid and far infrared. 
Region Wave Length Range (^m) Wave Number Range (cm"') 
Near 0.78-2.5 12800-4000 
Middle 2.5-50 4000-200 
Far 50-1000 200-10 
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Bending:- Change in angle between two bands. There are four types of bend. 
1. Rocking 
2. Scissoring 
3. Wagging 
4. Twisting 
Vibrational coupling:-
In addition to the vibrations mentioned above, interaction between vibrations 
can occure (coupHng) if the vibrating bonds are joined to a single, central atom. 
Vibrational coupling is influenced by a number of factors viz., strong coupling of 
stretching vibrations occurs when there is a common atom between the two 
vibrating bonds, coupling of bending vibrations occurs when there is a common 
bond between vibrating groups, coupling between a stretching vibration and a 
bending vibration occurs if the stretching bond is one side of an angle varied by 
bending vibration, coupling is greatest when the coupled groups have 
approximately equal energies, no coupling is seen between groups separated by 
two or more bonds. 
Important Group Frequencies in the IR Spectra Pertinent to the Discussion 
of the Newly Synthesized Compounds. 
(a) N-H Stretching Frequency 
The N-H stretching vibrations occur in the region 3300-3500 cm"' in the dilute 
solution [161]. The N-H stretching band shifts to lower value in the solid state due to 
the extensive hydrogen bonding. Primary amines as dilute solutions in non polar 
solvents give two absorptions i.e., symmetric stretch and asymmetric stretch mode 
found near 3400 and 3500 cm'\ respectively. Secondary amines show only a single 
N-H stretching band in dilute solutions. The intensity and frequency of N-H stretching 
vibrations of secondary amines are very sensitive to structural changes e.g., it appears 
as low intensity band in the range 3310-3350 cm'' in aliphatic while as strong 
intensity band at 3490 cm"' in heterocyclic secondary amines such as pyrazole and 
imidazole. 
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The orientation of a TEM is similar to that of a transmission optical microscope, as 
shown in figure 4-4. Electrons are sent out of an electron gun at various accelerating 
voltages, depending on the make and model of the device. The electrons then pass 
through a series of lenses to fine-tune the beam before contact with the sample. The 
sample is sandwiched between two objective lenses. The first image is then created 
and projected onto a fluorescent screen. There are three different types of contrast 
associated with TEM: massthickness contrast, diffraction contrast and phase contrast. 
Mass-thickness contrast arises from sample thickness and specimen density [167]. 
Thus, a TEM image will appear darker in regions where the sample is thicker or 
denser than in other regions. Mass-thickness contrast issues commonly occur with 
large samples, such as biological samples. Since the electrons used for imaging are 
both direct and diffracted electrons, diffraction contrast arises, as well [166]. This 
type of contrast comes from the stacking of atoms in a crystalline lattice. With a 
perfect crystalline lattice, all of the atoms will be aligned in the same place throughout 
the sample, and thus diffraction and contrast will become more pronounced. Likewise, 
defects in a crystalline lattice can reduce the amount of contrast that is inherent in a 
given sample, much like with XRD. This is the reason that it is impossible to achieve 
a clean HRTEM image of amorphous samples. Also, it is possible that a phase 
difference can exist between the direct and diffracted electrons after contact with the 
sample. This phase difference produces phase contrast [165]. Phase contrast gives 
rise to bright or dark field images. If enough tilt exists on the incident electron beam, 
a dark-field TEM image is produced, where the objects being viewed appear very 
light on a very dark background, opposed to the typical bright field image, where the 
opposite occurs. Only bright field TEM images are used throughout this thesis 
Sample Preparation for TEM 
For transmission through a sample to happen, it must be transparent for electrons. 
This generally translates to a sample thickness of up to 500 nm for TEM or up to 100 
rmi for high resolution TEM. A charge-coupled device (CCD) camera is used to view 
the sample image on a fluorescent screen. Since samples to be viewed using the TEM 
have a maximum observabl thickness, this limits sample preparation techniques and 
types of samples that can be viewed using TEM. Standard TEM sample holders are 
made to hold samples that are 3 mm in diameter, which adds another sample 
preparation limitation. Bulk samples must be re-sized before viewing. This can be 
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3. SCANNING ELECTRON MICROSCOPY 
SEM as shown in fig.2. is an instrument that used to examine objects in very fine 
scale by a beam of energetic electrons. The conventional microscopes have limiting 
resolution which is 250 nm. which is approximately the wavelength of the incoming 
light is used to observe the samples. The features of samples that smaller than that 
cannot be observed anymore and source with smaller wavelength is required. 
During SEM inspection, the focused energetic electron beam is scanning on specimen 
surface and resulting in the transfer of energy to the spot focused. These injected 
bombarding electrons, also referred to as primary electrons, dislodge electrons from 
the specimen itself. The dislodged electrons, also known as secondary electrons, are 
attracted and collected by a positively biased grid or detector, and then translated into 
a signal. After signal amplification and system analysis, these signals will be 
transmitted into images of sample topography, and revealed on the screen. 
Fig. 2. Schematic diagram of a scanning electron microscope. 
4. X-RAY POWDER DIFFRACTION (XRD) ANALYSIS 
Basic Principles of XRD 
X-ray diffraction (XRD) serves as a relatively cheap, easy and accurate way to 
characterize samples, therefore it has become a standard way of doing so. XRD is 
based on the diffraction of x-rays off of a crystalline lattice. Each material has a 
specific "fingerprint" that can be read with the use of XRD. 
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of all diffraction is the angle between the incident and diffracted rays. Powder and 
single crystal diffraction vary in instrumentation beyond this. X-ray diffractometers 
consist of three basic elements: an X-ray tube, a sample holder, and an X-ray 
detector. 
The geometry of an X-ray diffractometer is such that the sample rotates in the path of 
the collimated X-ray beam at an angle 9 while the X-ray detector is mounted on an 
arm to collect the diffracted X-rays and rotates at an angle of 29. The instrument used 
to maintain the angle and rotate the sample is termed a goniometer. For typical 
powder patterns, data is collected at 29from ~5° to 80°, angles that are preset in the X-
ray scan. 
X-ray powder diffraction is most widely used for the identification of unknown 
crystalline materials (e.g. minerals, inorganic compounds). Determination of unkiiown 
solids is crhical to studies in geology, environmental science, material science, 
engineering and biology. Other applications include: 
• characterization of crystalline materials 
• identification of fine-grained minerals such as clays and mixed layer clays that 
are difficult to determine optically 
• determination of unit cell dimensions 
• measurement of sample purity 
• With specialized techniques, XRD can be used to: 
• determine crystal structures using Rietveld refinement 
• determine of modal amounts of minerals (quantitative analysis) 
• characterize thin films samples by: determining lattice mismatch between film 
and substrate and to inferring stress and strain 
• determining dislocation density and quality of the film by rocking curve 
measurements 
• measuring superlattices in multilayered epitaxial structures 
• determining the thickness, roughness and density of the film using glancing 
incidence X-ray reflectivity measurements 
• make textural measurements, such as the orientation of grains, in a 
polycrystalline sample 
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usually be deduced. A plot of mass or mass percent as a function of time is called a 
thermogram, or thermal decomposition curve [164-165]. In all the cases the sample 
were studied in the temperature range of 50-700°C. 
6. DIFFERENTIAL THERMAL ANALYSIS (DTA) 
DTA measures the difference in temperature between the complex and a reference 
material as a function of temperature. It provides vital information of the complexes 
regarding their endothermic and exothermic behavior at high temperatures [168]. This 
differential temperature is then plotted against time, or temperature is called DTA 
curve or thermogram. The complexes were studied room temperature to 700°C. 
7. ULTRAVIOLET AND VISIBLE (LIGAND FIELD) SPECTROSCOPY 
When a molecule absorbs ultraviolet/visible light of a particular energy , we 
assume as a first approximation that only one electron is promoted to a higher 
energy level and that all other electrons are unaffected. The excited state thus 
produced is formed in a very short time (of the order of 10"'^  s) and a 
consequence is that during electronic excitation the atoms of the molecule do 
notmove(the Franck Condon Principle). 
The most probable AE transition would appear to involve the promotion of one 
electron from the highest occupied molecular orbital to the lowest available 
imfilled orbital, but in many cases several transitions can be obererved, giving 
several absorption bands in spectrum. Not all transitions from filled to unfilled 
orbitals are allowed, the symmetry relationship between the two orbitals being 
important. 
Where a transition is 'forbidden', the probability of that transition occurring is low, 
and correspondingly the intensity of the associated absorption band is also low. These 
two early empirical laws govern the absorption of light by molecules: 
Beer's Law relates the absorption to the concentration of absorbing solute and 
Lambert's Law relates the total absorption to the optical path length. 
They are most conveniently used as the combined Beer-Lambert Law: 
Log (WI) = e .c l or e = A / c.l 
Where, lo is the intensity of the incident light (or the intensity passing through a 
reference cell), I is the light transmitted through the sample solution. Log (lo/I) is the 
absorbance (A) of the solution (formerly called the optical density, CD), c is the 
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and structure was analyzed using Chem Draw UltraSD software and then these 
structures were energetically minimized using MM2 force field with RMS Gradient 
set to 0.0001, and coordinates of compounds were checked using PRODRG. 
Discovery studio 4.0 Client and iGeMDOC [22] were used to perform ligand-receptor 
interaction, visualization of the docked pose and binding affinity of POT and its POT-
Ti02 nanocomposite. 
12. ANTIBACTERIAL ACTIVITY 
Organism culture and in vitro screening for antibacterial activity was done by the disk 
diffusion method with minor modifications. Staphylococcus aureus, Staphylococcus 
epidermidis, Proteus mirabilis and Escherichia coli were sub cultured in nutrient agar 
medium and incubated for 18 h at 37°C. The bacterial cells were suspended for 
incubation according to the McFarland protocol in saline solution to produce a 
suspension of about 10^  CFU/mL. 10 mL of this suspension was mixed with 10 mL of 
sterile antibiotic agar at 40°C and poured on to an agar plate in a laminar flow cabinet. 
Five paper disks (6.0 mm diameter) were fixed onto nutrient agar plate. One 
milligram of each test compound was dissolved in 100 ml DMSO to prepare stock 
solution. From the stock solution different dilutions of each test compound were 
prepared and poured over disk plate. Ciprofloxacin was used as a standard drug 
(positive control) and DMSO as negative control. The susceptibility of the bacteria to 
the test compounds was determined by the formation of an inhibitory zone after 18 h 
of incubation at 37°C. The results were compared with the positive control and the 
zone of inhibitions was measured at the minimum inhibitory concentration (MIC). 
The minimum inhibitory concentration (MIC) was evaluated by the macro-dilution 
test using standard inoculum of 10^  CFL/mL. Serial dilutions of the test compounds, 
previously dissolved in dimethyl sulfoxide (DMSO) were prepared to final 
concentrations of 400, 200, 100, 50, 12.5, 6.25 and 3.125 ng/mL. To each tube was 
added 100 mL of a 24 h old inoculum. The MIC, defined as the lowest concentration 
(highest dilution) required to arrest the growth of bacteria, which inhibits the visible 
growth after 18 h, was determined visually after incubation of 18 h, at 37 °C, DMSO 
and "Ciprofloxacin" were used as negative and positive controls respectively [169]. 
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3(a). ABSTRACT OF THE PRESENT WORK 
Poly(o-toluidine)-titanium dioxide (P0T-Ti02) nanocomposite has been synthesized 
for the first time by in-situ chemical oxidative polymerization of o-toluidine (OT) 
monomer in the presence of titanium dioxide (TiOa) nanoparticles. FTIR, SEM, TEM, 
XRD, TGA and DTA were used to characterize P0T/Ti02 nanocomposite. The 
characterization results confirmed that there is a strong interaction between POT and 
Ti02 nanoparticles and the nanocomposites showed higher thermal stability than 
pristine POT. The in vitro DNA binding studies of POT and POT-TiOi 
nanocomposite with ct-DNA were investigated using spectrophotometry and circular 
dichroism. The four types of three-dimensional molecular field descriptors or field 
points as extrema of electrostatic, steric, and hydrophobic fields are described. 
Molecular docking simulation was used to predict the modes of interactions of the 
drugs (POT and P0T-Ti02) with DNA. The molecular docking results indicated that 
the modes of interactions between two and DNA helix can be considered as groove 
binding. Moreover the comparative antimicrobial activities of POT, its POT/TiOi 
nanocomposite and ciprofloxacin drug with different bacteria have also been studied. 
3(b). INTRODUCTION 
Conducting polymers have attracted more and more attention and a lot of 
research work has been done to probe into their Electrical, thermal and sensing 
properties since their discovery three decades ago [170-176]. Amongst these 
conducting polymers, polyaniline and its derivatives like poly(o-toluidine), poly(o-
anisidine), poly(3-methoxyaniline) etc. have been widely applied in various fields 
due to their good electrical, electrochemical properties, environmental stability to 
water and oxygen, and ease of preparation at low cost [177-180]. These 
applications mainly focus on hs interesting electrical conductivity. In view of their 
poor chemical, thermal and mechanical properties, their use in biomedical, biosensing 
applications and device formation is restricted. To solve this problem, considerable 
work has been done in recent years to prepare composites/nanocomposites of 
polyaniline and its derivatives with other conventional polymers or nanoparticles 
[170-176]. These composites are expected to display new properties due to the 
synergism between the constituents and thus may find applications in several fields 
such as estimafion of bacteria [181], photocatalysis [182-185], biosensor [186], 
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3.2. Synthesis of poly-o-toluidine 
The organic polymer derivative of polyaniline that is poly-o-toluidine was prepared 
by mixing in similar volume ratios of the solution of 0.4 M ammonium persulphate 
prepared in 1 M HCl into 10% o-toluidine prepared in 1 M HCl with continuous 
stirring by a magnetic stirrer for 2 h at 0°C, a green colored gel was obtained [176. 
190], which was filtered, repeatedly washed with distilled water to remove the excess 
of acid and impurities and dried under vacuum at 80 0°C. for 72 h. 
3.3. Synthesis of poly-o-toluidine-TiOa nanocomposite 
P0T-Ti02 nanocomposite was prepared by in-situ oxidative polymerization [172-173, 
177] of o-toluidine in the presence of TiOi using ammonium persulphate as an 
oxidizing agent. The Ti02 nanoparticles were ultrasonicated in 1 M HCl for 1 h 
before pouring h into solution of o-toluidine and polymerization was effected by the 
addition of solution of oxidant ammonium persulphate made in 1 M HCl. The 
addhion of oxidant solution led to the polymerization of adsorbed o-toluidine on TiOa 
nanoparticles resulting in the light black colored solution which later convened to 
greenish black precipitate and was kept under continuous stirring for 20 h. The 
reaction mixture was then filtered, washed with double distilled water and methanol 
to remove excess acid. The nanocomposite thus prepared was dried at 60 °C for 8 h in 
an oven, which was converted into fine powders and was stored in desiccator for 
further investigations. The synthesized POT-TiOa nanocomposite was further used for 
structural elucidation, morphological, thermal, DNA binding and antibacterial 
investigations. 
3.4. Characterization 
The Fourier transform infra-red spectroscopy (FTIR) spectra were recorded using 
Perkin Elmer 1725 instrument. To study the surface morphology, scanning electron 
microscopy (SEM) was done by LEO 435-VF. Transmission electron microscopy 
(TEM) were observed by JEOL TEM (JEM 21 OOF) instrument. X-ray diffraction 
(XRD) data were recorded by PHILIPS PW1710 diffractometer with Cu Ka radiation 
at 1.540 A in the range of 5° < 20 < 70° at 40 kV. The thermal stability was 
investigated by thermogravimetric analysis (TGA) and differential thermal analysis 
(DTA) using thermal analyzer-V2.2A DuPont 9900. The samples were heated from 
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3.7.2. pH determination 
pH measurements were carried out on Mettler Toledo pH meter (Seven Easy S20-K) 
using Expert "Pro3 in 1" type electrode. The least count of the pH meter was 0.01 pH 
unit. 
3.7.3. UV- Visible Spectroscopy 
The UV-measurements of calf thymus DNA were recorded on a UV-1800 Shimadzu 
spectrophotometer by using a cuvette of 1 cm path length. The absorbance values of 
POT and POT-TiOa nanocomposite in the absence and presence of DNA were 
recorded in the range of 240-300 nm. Appropriate blanks corresponding to the DNA 
solution and buffer were subtracted to correct the base line. 
3.7.4. Fluorescence Spectroscopy 
Fluorescence measurements were performed on a Shimadzu spectrofluorimeter, 
model RF-5301 equipped with PC. The fluorescence spectra were measured at 25 ± 
0.1 °C with a 1 cm path length cell. Both excitation and emission slits were set at 5 
nm. Intrinsic fluorescence was measured by exciting the ct-DNA solution at 440 nm 
and emission spectra was recorded in the range of 550-700 nm. DNA concentration 
was 10 |iM and the concentrations of POT and P0T-Ti02 nanocomposite were 0 to 
21 ^M. 
3.7.5. Circular Dichroism measurements 
To monitor the secondary structural changes in ct-DNA at different concentrations 
POT and P0T-Ti02 nanocomposite were carried out on JASCO-J 813 
spcetropolarimeter equipped with a Peltier-type temperature controller at 25 °C using 
a quartz cell a path length of 0.1 cm. Two scans were accumulated at a scan speed of 
100 nm min-1, with data being collected in the range of 220-320. CD spectra of ct-
DNA in absence and presence of POT and P0T-Ti02 nanocomposite (0, 10 and 10 
^M) were recorded. In addition respective blanks were subtracted. 
3.8. Antibacterial Activity 
Escherichia coli, Staphylococcus aureus, Staphylococcus epidermidis, andProteus 
mirabiliswere sub-cultured in agar medium for 18 hours at 37°C. The bacterial cells 
were suspended and incubated in saline solution, according to the McFarland 
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slightly to higher wave number to 1170 cm"' in the spectra of POT-TiOi 
nanocomposite indicating an enhanced degree of charge delocalization on the polymer 
backbone owing to the interfacial interaction between the Ti02 nanoparticles and 
POT. Finally, it may be inferred that almost all these shifting in peaks are due to 
some sort of interaction between the POT and Ti02 nanoparticles in the polymer 
matrix. 
3.2, Morphological analysis 
Fig. 3. Shows the TEM image of POT-TiOa nanocomposites with spherical 
morphology having an average particle size of-20 to 30 nm. The Ti02 nanoparticles 
are seen as dark spots dispersed in poly-o-toluidine matrix in the TEM image. The 
SEM images of POT and P0T-Ti02 nanocomposites are shown in Fig. 4(a-b) 
respectively. Fig. 3a and b shows the granular morphology of POT and P0T-Ti02 
nanocomposites respectively, however the morphology of the composite (Fig. 4b) 
somewhat similar from that of the pristine POT. Ti02 NPs deposition is not clearly 
visible at the surface of POT, where it appears that the Ti02 nanoparticles are well 
inserted in the polymer (POT) matrix with homogeneous dispersion which has dense 
and globular structure suggesting that there is an ample evidence for the interaction of 
Ti02 nanoparticles with that of POT moiety which may be responsible for the change 
in the physical properties of the nanocomposites relative to pristine POT. 
3.3. X-Ray diffraction analysis 
A comperative study of X-ray patterns of nanoparticles of POT and P0T/Ti02 
nanocomposites are shown in Fig. 5. reveals that there is a considerable inclusion of 
Ti02 nanoparticles in POT. However the comparative X-ray patterns of POT and 
P0T/Ti02 nocomposites exhibit characteristic intense peaks observed at 29= 25, 38, 
48, 55, and 64 etc where the pronounced peak for POT is expected at 20 = 25 appears 
in P0T/Ti02 nocomposite suggesting the presence of POT. The average crystallite 
size of the POT and P0T/Ti02 nanocomposites were calculated using the values of 
FWHM [196-197] and was found to be in the range of 20-30 nm. The relative 
crystallite size of POT and P0T/Ti02 has been found to be in the order of POT < 
P0T/Ti02 indicating that Ti02 nanoparticles significantly influencing the crystallite 
size of POT matrix in P0T/Ti02 nanocomposites which may be possibly due to the 
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P0T-Ti02 nanocomposite were titrated with increasing concentration of ct-DNA, 
both complexes presented a significant red shift, offering that there exists a strong 
interaction between the POT and P0T-Ti02 nanocomposite with ct DNA which is 
different from classical intercalation. Further it can be inferred from the (Fig. 8) that 
red shift is more prominent in case of POT-TiOa nanocomposite than pristine POT 
which shows that P0T-Ti02 nanocomposite binds more strongly to ct- DNA. Changes 
observed in spectra in presence of ct-DNA can be rationalized in terms of groove 
binding [202]. Strong red shift was observed in case of POT-TiOi nanocomposite 
suggesting that this posses higher propensity of DNA binding. 
3.6. Fluorescence Studies 
For monitoring the interaction between ct-DNA with POT and POT-TiOi 
nanocomposite. We choose EB (Ethidium Bromide) as a fluorescent probe for DNA. 
EB has a weak fluorescence but in presence of DNA shows intense fluorescence on 
excitation at 480 run. It is well knovm fact that enhances the fluorescence of EB get 
quenched in presence of second molecule [203]. In the present study we have studied 
the effect of POT and POT-TiOa nanocomposite on the fluorescence emission spectra 
of EB bound to DNA as shown in (Fig. 9). It is clear from that the addition of POT 
and POT-TiOa nanocomposite to a solution of EB bound to ct-DNA resulted in a 
decrease in fluorescence emission intensity of EB-DNA. 
But there is more decline fluorescence quenching in presence of POT-TiOi 
nanocomposite as compared to POT (Fig. 9a and b). The fluorescence quenching is 
described by Stern Volmer equation 
Io/I=I+Ksv[Q] =1+ kqTo[Q] 
Where lo and I are fluorescence intensity in the presence and absence of quencher 
respectively, Ksv is the Stem Volmer constant, xo is the lifetime of the fluorophore in 
the excited state and [Q] is the concentration of quencher. It can be inferred from the 
Fig. 9a' and b' that P0T-Ti02 nanocomposite binds more strongly to DNA as 
compared to POT. 
3.7. CD Measurements 
To further understand the DNA structural changes in presence of POT and P0T-Ti02 
nanocomposite and to reconfirm mode of interactions CD studies were performed. 
The positive absorption band at 274 nm and the negative one at 245 nm in CD 
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end and its residues. The energetically most favorable conformation of the docked 
pose (Fig. 12a and b) revealed that POT and P0T/Ti02 fitted closely into the cavity of 
the targeted DNA in the minor groove in within G-C rich region, as shown in Fig. 12. 
There are number of non bonding interaction such as van der Waals and hydrophobic 
contacts operating between polymer (POT) and its nanocomposite (P0T-Ti02) with 
DNA bases which describe the stability of groove. The binding affinity of the docked 
POT and POT-TiOawith DNA were found to be -5.13 & -8.14 Kcal/mol. It is clear 
from the energy difference that nanocomposites differ from conventional composite 
materials due to the exceptionally high surface to volume ratio of the reinforcing 
phase and/or its exceptionally high aspect ratio. Unique properties of nanocomposite 
bind with high affinity and selectivity to the binding active sites of DNA. The lowest 
energy was found in the compound P0T/Ti02 with a binding energy of -8.14 
Kcal/mol. Lower binding free energy indicates a more stable combination with DNA. 
Thus, we can conclude that the binding ability of POT-TiOa nanocomposite with 
DNA is stronger than that of POT. 
3.10. Antibacterial Activity 
In-vitro antibacterial screening of Ti02, POT and its P0T/Ti02 nanocomposite was 
estimated on gram positive (S. aureus, S. epidermidis) and gram negative (P. 
mirabilis, and E. coli) bacteria via disc diffusion method and results were compared 
with standard drug ciprofloxacin (Fig. 13). The study of results (Table. 1) revealed that 
Ti02 and polymerized carbazole shows lesser activity as compared to its POT/TiOi 
nanocomposite and the standard drug. The improvement in the £intibacterial activity 
may be clarified in terms of the presence of Ti02in the nanocomposite [205]. The 
analysis have been made to explain the feasible mechanism for the interaction of 
nanomaterials with biological molecule and it has been proposed that the 
microorganisms which carry a negative charge and nano metal oxide carrying a 
positive charge leads to the "electromagnetic" attraction causing the death of 
microorganisms [36-37]. A similar kind of interaction may be anticipated when the 
microorganisms come in contact with P0T/Ti02 resulting in highest antimicrobial 
activity as compared to POT and the standard drug due to the presence of Ti02 in the 
nanocomposite. The P0T/Ti02 nanocomposite material may also deactivate the 
cellular enzymes and DNA of microorganisms by coordination of electron donating 
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Scheme 1. Schematic diagram of the formation of P0T/Ti02 nanocomposite. 
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Fig. 2. FTIR spectra of POT and P0T-Ti02 nanocomposite. 
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Fig. 4. SEM images of (a) POT (b) POT-TiOi nanocomposite and their respective EDAX 
spectrum shows the elemental composition of synthesized (a') POT (b') P0T-Ti02 
nanocomposite. 
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Fig. 6. TGA thermograms of Ti02, POT and POT-TiOi nanocomposite. 
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Fig. 8. Absorption spectra of (a) POT (lOfiM) (b) P0T-Ti02 (10 i^M) in phosphate 
buffer on addition of CT-DNA. 
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Fig. 10. CD spectra of (a) CT-DNA (100 |aM) in presence of increasing concentration 
of POT (0, 10 and 20 \iM) (b) CT-DNA in presence of increasing concentration of 
POT-TiO2((0,10 and 20 ^M)). 
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(b) 
Binding Sites 
forDNA 
Poh'-o-tohiidine-TiQz 
nanocomposite 
Fig. 11. Interpretation of a field point pattern of the expected (a) POT and (b) POT-
Ti02 nanocompoite (The size of the point indicates the potential strength of the 
interaction); Blue: negative field points (like to interact with positives/H-bond donors 
on a protein); Red: positive field points (like to interact with negatives/H-bond 
acceptors on a protein); Yellow: van der Waals surface field points (describing 
possible surface/vdW interactions) and Gold/Orange: hydrophobic field points 
(describe regions with high polarizability/hydrophobicity). (For interpretation of the 
references to color in this figure legend, the reader is referred to the web version of 
this article.) 
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Fig. 13. Representing the comparative percent area of inhibition per ^g of the 
CpiT>pQ\^ l4s 3fl4 fti^ Ciprofloxacin in case of gram positive and gram negative bacteria. 
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